Objectives To clarify the association between dioxin concentrations in breast milk and food group intake in herbicide-sprayed and nonsprayed areas in Vietnam. Methods This survey was conducted in August 2007 in sprayed and nonsprayed areas, respectively. The interviews were performed using a questionnaire to obtain information on personal characteristics and usual dietary intake. Eighty mothers of sprayed area and 42 mothers of nonsprayed area participated in the study. Breast milk was analyzed for concentration of polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs). Results Multiple regression analysis showed that location (sprayed or nonsprayed area) has the highest association with the toxic equivalents (TEQ)-PCDDs, TEQ-PCDFs, and TEQ-Total rather than other factors. In the sprayed area, the adjusted R 2 values of regression were approximately 0.1. On the other hand, the adjusted R 2 values in the nonsprayed areas were higher than those in the sprayed area, i.e., between 0.2 and 0.3, and showed that there were significant associations with body mass index (BMI) in all models. Conclusions Dioxin exposure was less affected by usual dietary intake in the sprayed area than in the nonsprayed area in Vietnam. It was clear that past exposure rather than present dietary intake may affect present dioxin concentrations in breast milk in the sprayed area in Vietnam. This study suggests that present dioxin concentrations in breast milk were maintained by continuous past exposure even after 30-40 years had passed.
Introduction
During the Vietnam War, herbicide was sprayed over forests and villages in Central and Southern Vietnam to defoliate the vegetation between 1961 and 1971. The primary mixture used was Agent Orange, which contained 2,3,7,8-tetrachlorodibenzo-p-dioxin (2, 3, 7, [1] . In general, dioxins refer to polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), and coplanar polychlorinated biphenyls (co-PCBs), which are lipophilic compounds that bind to sediment and organic matter in the environment and which have a tendency to accumulate in the fatty tissues of animals and human beings.
It has been reported that the largest source of dioxin contaminants is dietary intake, which accounts for more than 90% of total exposure [2] . Because dioxins are lipid soluble and tend to accumulate in adipose tissue, such as seafood, meat, dairy products, and eggs, the highest concentrations are accumulated in human tissue through the food chain. These studies also suggest that human intake of dioxin has been decreasing for several decades [2] [3] [4] [5] [6] . Moreover, several studies have reported positive correlations between the intake of fish and dairy products and dioxin concentrations in breast milk, which are the specific factors influencing the accumulation of dioxin in humans [7] [8] [9] . There have, however, been few studies in Vietnam, in spite of the fact that a great deal of herbicide was sprayed there.
The 2003 study of dioxin contamination in food eaten by the Vietnamese people carried out by Schecter et al. [10] was the first document focusing on Agent Orange in the 30-40 years that have passed since the herbicides were sprayed. That study showed a total TEQ for ducks from 286 to 343 ppt wet weight, for chickens from 0.35 to 48 ppt wet weight, and for fish from 0.19 to 66 ppt wet weight, against usual TCDD levels in food of less than 0.1 ppt. Moreover, previous studies have reported dioxin in samples of soil, food, human blood, and breast milk in southern Vietnam, even though the Agent Orange contamination occurred 30-40 years before sampling [11] [12] [13] . Therefore, there is potential for continuous dioxin exposure through the consumption of fish and meat from contaminated areas.
Previously in Vietnam animal meat was examined; however, the relationship between the consumption of different foods in the diet and the concentration of dioxin in breast milk remains unclear. In addition, nutritional investigations in herbicide-sprayed areas in Vietnam have been inadequate. In Japan the main source of dietary intake of dioxins is fish, while the main sources in Europe and the USA are meat and dairy products, reflecting differences in dietary habits [14] . For these reasons, more detailed information is needed to elucidate the role of routine dietary intake in human exposure to dioxin 30-40 years after Agent Orange use was discontinued in Vietnam. Such information may also prove useful in discussing the prevention of exposure to dioxin through dietary intake. The purpose of this study is to clarify the association between dioxin concentrations in breast milk and food group intake in herbicide-sprayed and nonsprayed areas in Vietnam and also to investigate the specific factors influencing dioxin levels in breast milk.
Materials and methods

Study population
Study areas were designated in the north-central area of Vietnam, namely the Cam Chinh commune in the Cam Lo district of Quang Tri province, where herbicides were sprayed during the war, and the Cam Phuc commune in the Cam Xuyen district of Ha Tinh province, which was not sprayed with herbicides during the war. These two communes were once separated by the demilitarized zone (DMZ), the 17th parallel that divided the country during the Vietnam War. A large number of herbicides were sprayed on Cam Chinh commune on the southern side of the DMZ, but they were not sprayed on Cam Phuc commune on the northern side.
In this study, participants were selected from a 2002-2003 survey of the long-term effects of dioxin on human health. Briefly, this investigation sought to clarify the relationship between dioxins and ecological and human health in Vietnam. Ninety lactating mothers in a sprayed area and 72 lactating mothers in a nonsprayed area were recruited for the investigation in September 2002 and July 2003. Participants were between 20 and 30 years old and provided 10 to 20 ml breast milk. Samples were analyzed for dioxin concentrations. The methods and results of that study were reported previously [15] [16] [17] .
This survey was conducted in August of 2007 at local district health centers in sprayed and nonsprayed areas, respectively. The interviews were performed using a questionnaire to obtain information on personal characteristics and usual dietary intake by Vietnamese researchers specially trained for this study and who belonged to the 10-80 Division of the Vietnam Ministry of Health.
Measurements
Information on age, family size, number of children, years of residence, monthly income of husband, level of education, occupation, and smoking status were obtained by the original questionnaire. Body height and weight were measured and body mass index (BMI) was calculated. Dietary intake was assessed by a food frequency questionnaire (FFQ) for Vietnamese. This questionnaire was developed by Kusama et al. [18] as a tool to estimate the habitual nutrient intake of the Vietnamese population. The FFQ is a standard tool in nutritional epidemiology and calculates the intake of nutrients. The intake of calories and nutrients were computed by multiplying the frequency of intake for each food item by the nutrient content of the specified portion size. The reproducibility and validity of this FFQ were established by using 24-h dietary recalls (24HRs) and repeated FFQ. This FFQ consisted of a 116-item food list (foods and dishes) and questions about breakfast and ingredients for dishes eaten at lunch and dinner, and includes foods and dishes, consumption frequency, and portion size. Question responses were given on a scale from 1 to 10 for frequency of consumption: never, less than once per month, 2-3 times per month, 1-2 times [19] . For each individual, dietary intake was calculated by the Vietnam EIYOKUN dietary assessment system. Each nutrient intake was used to calculate the energyadjusted nutrient intake as the residual from the regression, with nutrient intake as the dependent variable and energy as the independent variable.
Median with 25 and 75 percentiles of dioxin concentrations in breast milk, intake of nutrient and food groups, and subject characteristics were calculated, and differences between herbicide-sprayed and nonsprayed areas were assessed by Student t test, Welch's test, and Wilcoxon signed-rank test. Chi-square was used to compare differences in proportion of education levels, occupation, and smoking status between these areas. The correlation between dioxin concentrations and characteristic data and food group intake were examined using Spearman's correlation coefficients. Before calculating the Pearson correlation coefficient, the distribution of all data was carefully checked, and if any data proved unsuitable for normal distribution, values were log-transformed to improve normality. To identify the major sources of different food group intake contributing to dioxin concentrations in breast milk, stepwise multiple regression analysis of food group intake for dietary habits was used to seek the most significant combination of variables. Data analyses were carried out using JMP Ò 6 software (SAS Institute, Japan), and the statistical level for significant difference was set at 0.05.
Ethical approvals
The purpose of the present study was explained thoroughly, and written informed consent was obtained from each participant through their local people's authorities committee. All data were transformed to codes in the analysis process for individuals and they were not identified. To conduct this survey, we obtained permission from the Medical Ethics Committee of Kanazawa University (permission no: Health-89).
Results
The study population consisted of 122 mothers, namely 80 mothers (participation rate 88.9%) in herbicide-sprayed area and 42 mothers (participation rate 58.3%) in nonsprayed area. Table 1 presents the characteristics of subjects in herbicide-sprayed and nonsprayed areas. Median age was statistically different between the sprayed and nonsprayed areas (P = 0.016) at 32.0 and 30.0 years, respectively. Median height (149.9 versus 152.3 cm; P = 0.005) and body weight (44.0 versus 45.0 kg; P = 0.005) were also statistically different between the two areas. However, median BMI was 19.0 and 19.3 kg/m 2 , respectively, showing no statistical difference between the two areas. A statistically significant difference in education between the two groups was shown, but there were no significant differences in occupation or smoking status. Table 2 shows the TEQ levels of PCDDs, PCDFs, and total (PCDDs ? PCDFs) in breast milk in sprayed and nonsprayed areas. All dioxin concentrations values were log-transformed to improve normality. There were statistical differences (P \ 0.001) in TEQ-PCDDs, TEQ-PCDFs, and TEQ-Total between sprayed and nonsprayed areas. Table 3 summarizes the median intake (with 25 and 75 percentiles) of energy and nutrient and food group per day in sprayed and nonsprayed areas and a comparison of the difference between the two areas. Mean energy intake was not statistically different between sprayed and nonsprayed areas, measuring 1,854 and 1,793 kcal/day, respectively. Intake of lipid (P = 0.036) in the nonsprayed area was higher than in the nonsprayed area. In the two areas, intake of fruit and fruit juice was the highest; next came cereals, then meat and meat products, dark-green vegetables, sugars, confectioneries, and soft drinks. Intake of pulses (P \ 0.001), yellow vegetables (P \ 0.011), fruit and fruit juice (P = 0.044), and alcoholic beverages (P \ 0.001) in the sprayed area were higher than in the nonsprayed area. On the other hand, there were no cases of significantly higher intake amounts in the nonsprayed area over the sprayed area.
The food group intake that correlated statistically with dioxin concentrations in breast milk in the sprayed area is shown in Table 4 . In the sprayed area, no statistical correlations were found between intake of any food group intake and dioxin concentrations in breast milk. In contrast, in the nonsprayed area positive statistical correlations were shown between intake amounts of fats (r = 0.35, P = 0.023), shellfish and shellfish products (r = 0.31, P = 0.048), milk and dairy products (r = 0.31, P = 0.043), and seasonings (r = 0.39, P = 0.011) and breast milk TEQ-PCDFs. Moreover, soybean product (r = 0.32, P = 0.039) and seasoning (r = 0.32, P = 0.042) intake were positively correlated with breast milk TEQ-Total. However, no food group intake was significantly correlated with breast milk TEQ-PCDDs.
Multiple linear regression analysis was used to determine which food groups were significantly correlated with breast milk TEQ-PCDDs, TEQ-PCDFs, and TEQ-Total as a dependent variable. The analysis focused on breast milk TEQ-PCDDs, TEQ-PCDFs, and TEQ-Total. Independent variables were subject characteristics (area, age, BMI, and monthly income of husband) and food group intake. To reduce the number of variables in the multivariate model, prognostic factors were included in the model by mixeddirection stepwise analysis. Stepwise criteria were that the variable could enter the equation when its F statistic probability was greater than 2.0. Table 5 presents the multiple linear regression in all subjects (sprayed and nonsprayed areas). Multiple linear regression analysis found that area was the only variable associated with TEQ-PCDDs (b = 0.610, adjusted R 2 = 0.367), TEQ-PCDFs (b = 0.643, adjusted R 2 = 0.408), and TEQ-Total (b = 0.647, adjusted R 2 = 0.413). In the sprayed area the associations between food group intake and TEQ-PCDDs (adjusted R 2 = 0.072), TEQPCDFs (adjusted R 2 = 0.052), and TEQ-Total (adjusted R 2 = 0.026) concentrations showed that adjusted R 2 values of regression were small (Table 6 ).
In the nonsprayed area the adjusted R 2 values of regression were higher than in the sprayed area for all models using TEQ-PCDDs (adjusted R 2 = 0.216), TEQPCDFs (adjusted R 2 = 0.296), and TEQ-Total (adjusted R 2 = 0.182) as a dependent variable (Table 6 ). In the nonsprayed area all models showed an association between BMI and TEQ-PCDDs, TEQ-PCDFs, and TEQ-Total (b = 0.333, 0.413, 0.349). TEQ-PCDDs was most highly associated with intake of yellow vegetables (b = 0.442), and TEQ-PCDFs was associated with intake of shellfish and shellfish products (b = 0.350), while no association 
Discussion
This study adopted the concentration data for PCDDs and PCDFs in breast milk measured in years 2002 and 2003. Consequently, the lapse of time between data collection and this study is 4-5 years. Normally, coincident measure of dioxin concentrations and dietary survey are required. Nevertheless, the half-life of dioxin in human body has been estimated to be as long as 7.5 years [20] ; therefore, the decrease in dioxin concentrations in subject breast milk at the time of data collection and the present study can be expected to exhibit no great difference. In addition, the economic-social and food distribution systems in the study areas have not undergone great change during the 5 years between data collection and the present study. Furthermore, the FFQ estimates long-term intake for usual dietary habit. Hence, we consider it possible to clarify the association between dioxin concentrations in 2002-2003 and present dietary intake in spite of the limitations of this method. Correlation coefficients between dioxin concentrations in breast milk and food group intake were shown by FFQ nutrition survey in sprayed and nonsprayed areas in Vietnam. Although the mean value and range of dioxin concentrations in foods were different among countries, previous studies have reported that the main source of dietary intake of dioxin is adipose tissue and fish [2] [3] [4] . This process of biological condensation explains the high accumulation of dioxin in animals.
However, low dioxin exposure was seen in these studies under normal conditions, making it difficult to compare this study with previous studies due to the fact that our research areas were sprayed by herbicides, including dioxin, during the Vietnam War. There were no statistical correlations between dioxin concentrations and the intake of each food group in the sprayed area. In contrast, in the nonsprayed area, there were statistical relationships between the intake of fat, shellfish and shellfish products, milk and dairy Data are shown as median (25th-75th percentile). Units of energy data are kcal/day; others are in g/day. Nutrient intake is adjusted for energy intake by the residual method a Wilcoxon signed-rank test products, and seasonings with TEQ-PCDFs in breast milk, although the correlation coefficient was small, and the intake of soybean products and seasoning with TEQ-Total in breast milk. However, all correlation coefficients were approximately 0.3; therefore, these results do not show a clear relation between dioxin concentrations in breast milk and food group intake. The difference in correlations between dioxin concentrations in breast milk and food group intake in the two areas is attributed to the presence or absence of exposure to herbicide. In the sprayed area, although there is dietary exposure to dioxins in the sprayed and nonsprayed areas similar to studies by Huisuman et al. [7] and Takekuma et al. [8] , past exposure may act as a stronger factor than present dietary intake in the sprayed area. Hence, it is implied that there was no statistical association between dioxin concentrations in breast milk and present dietary intake.
Multiple regression analysis showed that location (sprayed or nonsprayed area) made the highest contribution to dioxin concentrations in breast milk. It is noted that difference of location is a stronger factor than present dietary intake; that is, it is the strongest contributor to dioxin concentrations in breast milk, regardless of type. This indication stems from the fact that there was no statistical correlation between breast milk dioxin concentrations in simple correlation coefficients, and the fact that the economic-social systems of both areas are similar.
Incidentally, because the average age of participants in this study was 31.8 ± 5.5 years, it is suggested that present All data are log-transformed to improve normality r correlation coefficients dioxin accumulation in human tissue was influenced by breast-feeding by mothers who were exposed directly to a herbicide, and that dioxin concentrations in breast milk were influenced by intake of foods with high concentrations of dioxin, even if almost all subjects were born after 1977, well after the cessation of herbicide spraying. Schecter et al. [21] reported that serum dioxin concentrations in the sprayed area were higher than those in the nonsprayed area in a comparison of children who were born in the sprayed area and who moved to the sprayed area from the nonsprayed area after the spraying of herbicide. Furthermore, Tada [22] suggested that dioxin concentrations in adults might affect those in infants. For these reasons, it is implied that dioxin concentrations in breast milk are not influenced by present dietary intake. Multiple regression analysis distinguishes area, given the fact that the adjusted R 2 values of regression were small, namely approximately 0.1, though some associations were statistically significant in sprayed area. We could not explain the influencing factor in dioxin concentrations in breast milk. In contrast, the adjusted R 2 values in the nonsprayed area were higher than those of the sprayed area, that is, between 0.2 and 0.3, and there were differences between the two areas. Although standardized coefficients were different for each model, there were associations with BMI in all models in the nonsprayed area. Body burdens for lipophilic chemicals are dependent on the weight and body fat of an animal. Dioxins are all highly lipophilic, resulting in their partitioning into fatty tissues [23] . One physiologically based pharmacokinetic model accounts for changes in BMI over time, with higher BMI being related to longer half-life for TCDD [24] . The results of the present study are consistent with these previous studies.
In consequence it was made clear that past exposure rather than present dietary intake affects present dioxin concentrations in breast milk in the sprayed area in Vietnam. In contrast, it is suggested that present dietary intake and BMI might affect those in the nonsprayed area. Therefore, dioxin exposure was less affected by usual dietary intake in the sprayed area than in the nonsprayed area in Vietnam. However, in order to clarify the relationship, more detailed information on background dioxin exposure, namely food distribution systems, waste disposal methods, and pesticide use, are needed. Furthermore, past accumulation of dioxin and reduction of dioxin concentrations in the body are issues to be considered. In addition, continued study is necessary due to the great potential for continuous exposure to dioxins through contamination of foods in highexposure areas, called ''hot spots,'' in spite of the fact that this study did not indicate any relationship between dioxin concentrations in breast milk and dietary intake. All data are log-transformed for analysis. Variables: age, BMI, cereals, potatoes and starches, nuts and seeds, pulses, soybean products, dark-green vegetables, yellow vegetables, other vegetables, fruit and fruit juice, fats, vegetable oils, meat and products, fish and products, shellfish and products, eggs, milk and dairy products, sugars/confectioneries/soft drinks, alcohol beverages, seasonings
